T he prevalence, morbidity and early and late mortality associated with an acute coronary event all remain substantial in Australia and New Zealand. 1 In Australia, ensuring equitable provision of acute cardiac care is a difficult task because of geographic challenges, shared federal and state jurisdictional responsibility for health care, and increasingly complex patient populations. 2 Randomised trial data suggest that percutaneous reperfusion for ST elevation myocardial infarction (STEMI) and routine invasive strategies for revascularisation improve outcomes in patients with acute coronary syndromes (ACS), and this has led to public health initiatives that promote access to catheterisation laboratories. 3 Patients presenting to hospitals with catheterisation laboratories are more likely to undergo these procedures than those who do not. [4] [5] [6] The availability of angiography facilities may be associated with an improvement in mortality, [7] [8] [9] although some studies have found no difference. 5, [10] [11] [12] It is not clear whether the lower mortality reported by some hospitals is related to access to angiography, better application of evidence-based care, or combinations of these factors. 4, 5, 8 In October 2014, health ministers in Australia endorsed a National Clinical Care Standard for Acute Coronary Syndromes, 13 and the Ministry of Health in New Zealand has developed a quality improvement plan that includes recommendations for ACS management. 14 The lack of a comprehensive national surveillance system that is focused on collecting clinical data limits both the capacity to audit compliance with these initiatives and to determine whether adoption of their recommendations achieves improved outcomes for ACS patients. In this context, SNAP-SHOT ACS has emerged as an important performance measure of acute cardiac care in the two countries, informed by two earlier audits undertaken in New Zealand in 2002 and 2007. 15 , 16 Conducted over a 2-week period in May 2012, 17 the comprehensive SNAPSHOT registry collected descriptive clinical data, audited processes of care, and outcomes for 4387 patients who presented with suspected ACS to the participating hospitals; more than 90% of the hospitals across Australia and New Zealand that treat ACS patients were audited.
In this article, we describe the delivery of evidence-based care 13 to patients who initially presented to either a catheterisation-capable (CC) or a non-CC hospital setting. Using binational data linkage, we also report the 18-month mortality data for all patients and explore the relationship between variations in the delivery of evidence-based care and long-term mortality.
Methods
The SNAPSHOT ACS study was a prospective audit of the care provided to consecutive patients with suspected ACS who were admitted to hospital during a 2-week period in May 2012. Details of the study have been published elsewhere. 17 In brief:
Abstract Objectives: To assess the impact of the availability of a catheterisation laboratory and evidence-based care on the 18-month mortality rate in patients with suspected acute coronary syndromes (ACS).
Design, setting and participants: Management and outcomes are described for patients enrolled in the 2012 Australian and New Zealand SNAPSHOT ACS audit. Patients were stratified according to their presentation to hospitals with or without cardiac catheterisation facilities. Data linkage ascertained patient vital status 18 months after admission. Descriptive and Cox proportional hazards analyses determined predictors of outcomes, and were used to estimate the numbers of deaths that could be averted by improved application of evidence-based care.
Main outcome measures: Mortality for ACS patients from admission to 18 months after admission.
Results: Definite ACS patients presenting to catheterisation-capable (CC) hospitals (n ¼ 1326) were more likely to undergo coronary angiography than those presenting to non-CC hospitals (n ¼ 1031) (61.5% v 50.8%; P ¼ 0.0001), receive timely reperfusion (for ST elevation myocardial infarction (STEMI) patients: 45.2% v 19.2%; P < 0.001), and be referred for cardiac rehabilitation (57% v 53%; P ¼ 0.05). All-cause mortality over 18 months was highest for STEMI (16.2%) and non-STEMI (16.3%) patients, and lowest for those presenting with unstable angina (6.8%) and non-cardiac chest pain (4.8%; P < 0.0001 for trend). After adjustment for patient propensity to present to a CC hospital and patient risk, presentation to a CC hospital was associated with 21% (95% CI, 2%e37%) lower mortality than presentation to a non-CC hospital. This mortality difference was attenuated after adjusting for delivery of evidence-based care.
Conclusion:
In Australia and New Zealand, the availability of a catheterisation laboratory appears to have a significant impact on longterm mortality in ACS patients, which is still substantial. This mortality may be reduced by improvements in evidence-based care in both CC and non-CC hospitals. Patients were stratified into two groups according to whether the hospital to which they presented had a catheterisation laboratory on site.
Statistical analyses
Standard descriptive statistics for demographic and clinical characteristic of the patients, pathology investigations, invasive procedures, guideline-recommended therapies provided to patients who survived to hospital discharge, and in-hospital events are presented. Dichotomous variables are reported as numbers and percentages, and were compared using c 2 tests. Continuous variables are reported as medians and interquartile ranges, and compared using KruskaleWallis tests.
KaplaneMeier survival curves are used to contrast ACS patients who presented to CC and non-CC hospitals, and were compared using logrank tests.
A propensity score was calculated for all patients to model the likelihood of presenting to a CC hospital, and a Cox proportional hazards model, clustered by hospital, evaluated the impact on mortality of presenting to a CC hospital, after adjusting for Global Registry of Acute Coronary Events (GRACE) risk score, 18 diagnosis, and propensity score. The comparison of presentation to CC and non-CC sites was then confined to the cohort of patients with overlapping propensity scores. Clinical factors included in the propensity score were: age, sex, GRACE score, elevated troponin levels, history of hypertension, diabetes, previous myocardial infarct, previous revascularisation, private health insurance, English as the primary home language, requiring assistance with activities of daily living, and being a nursing home resident.
In addition, a separate mortality model was developed for patients with an ACS (STEMI, non-ST elevation myocardial infarction [NSTEMI], unstable angina with probable ischaemic chest pain); this included the factors listed above, as well as two process measures derived from the indicators described in the Australian ACS Clinical Care Standard: 13 timely delivery of reperfusion for STEMI, and coronary angiography for intermediate-or high-risk ACS.
A final propensity score-adjusted mortality model was constructed to predict postdischarge mortality, and included the previously discussed variables, together with delivery of dual antiplatelet and lipid-lowering treatment and referral to rehabilitation, measures also derived from the ACS Clinical Care Standard (Box 1).
To quantify the impact of health service improvement strategies, the attributable number of deaths hypothetically averted by application of each of the aspects of care included in the model described above was estimated using the formula: attributable number ¼ number without Rx Â ðdeath incidence without Rx À death incidence with Rx Þ;
where Rx is the treatment factor of interest. The hazard rate (of death at 12 months) for those "with treatment" was estimated for patients who had arrived at the hospital in a timely manner and received all components of recommended care. The hazard rates for patients deficient in a specific care component were then calculated by applying the estimated hazard ratio associated with the omission of that care, derived from a Cox proportional hazards model confined to ACS patients that incorporated the primary diagnosis, the GRACE risk score, the on-site availability of catheterisation laboratory services, the propensity score for presentation to a CC facility, and the four processes of care (timely delivery of reperfusion for STEMI, coronary angiography for intermediate-and high-risk ACS, prescription of lipidlowering and dual antiplatelet therapy, and referral to rehabilitation). Estimates of the proportions of patients for whom each component of care had been omitted were derived directly from the audit data. These estimates were then applied to a hypothetical population of 10 000 ACS patients with differing degrees of service improvement.
All analyses were conducted using Stata 13.1 (StataCorp); statistical significance was defined as P < 0.05.
Results
A total of 4387 patients with suspected ACS were enrolled, of whom 2459 (56%) presented to CC hospitals. The mean age, sex distribution and GRACE risk scores for the two patient groups were comparable. CC
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hospitals received a higher proportion of patients with private health insurance, a marker of socioeconomic status known to affect mortality (Box 2). This variable is included in the propensity score, so that our models are adjusted for this potentially confounding factor. In 2365 patients (53.9%), the ACS diagnosis was confirmed (Box 2).
Differences in care associated with availability of a catheterisation laboratory The proportions of patients with STEMI who received reperfusion was less than optimal in both CC and non-CC hospitals (65.6% and 60.3%, respectively; P ¼ 0.273). Timely reperfusion (door-to-balloon time under 90 minutes, or door-to-needle time under 30 minutes) was more likely for patients presenting to CC facilities (45.2% v 19.4%; P < 0.001) (Box 3).
ACS patients who presented to a CC hospital were more likely to undergo coronary angiography, which was offered earlier during their hospital stay. They were more likely to undergo revascularisation in hospital, and hospital survivors more likely to be referred to a rehabilitation service. There was no difference between the rates of prescribing evidence-based medications for hospital survivors discharged from CC or non-CC hospitals (Box 3).
Mortality in the 18 months after presenting with an ACS The mortality in the overall SNAP-SHOT cohort, from hospital presentation to 18-month follow-up, was 10.5% (460 deaths), and 12.6% (296 deaths) in patients with a confirmed ACS. Mortality was highest for patients with a myocardial infarction (STEMI: 68 deaths, 16.2%; NSTEMI: 165 deaths, 16.3%), followed by that for patients with a non-ACS diagnosis (107 deaths, 12.8%). Mortality was lowest for patients with unstable angina and non-ischaemic chest pain (63 deaths, 6.8%; and 57 deaths, 4.8%, respectively; P < 0.0001 for trend). Presentation to a CC hospital was associated with non-significantly reduced overall mortality for ACS patients (Box 4). Survival analysis indicated, however, that presentation to a CC hospital was associated with a significant reduction in mortality (P ¼ 0.018), driven by separation in the mortality curves during the early postdischarge period (Box 5).
In a multivariable model that included adjustments for the propensity score for presenting to a CC hospital, GRACE risk score and patient diagnosis, presentation to a CC hospital was associated with significantly lower mortality (21%; 95% CI, 2%e37%) (Box 6).
Adding delivery of timely reperfusion for STEMI and coronary angiography for intermediate-and high-risk ACS patients to the model eliminated the independent association between presentation to a CC site and mortality. In this model, failure to provide appropriate coronary angiography was associated with a doubling of mortality (relative risk, 1.99; 95% CI, 1.42e2.79) (Box 7).
To quantify the effect on long-term outcomes of care initiated at discharge, an additional multivariable mortality model was developed for ACS patients who survived to hospital discharge. This model was confined to those in the CC and non-CC sites with overlapping propensity scores; this included 1870 patients, of whom 197 (10.5%) had died by the 18-month follow-up. Independent predictors of mortality in this population included GRACE risk score, presentation to a non-CC hospital, not receiving appropriate coronary angiography, and not being enrolled in a rehabilitation program (Box 7). STEMI ¼ ST elevation myocardial infarction; IQR: interquartile range. * Defined as door-to-balloon time of less than 90 minutes for primary percutaneous coronary intervention or door-to-needle time of less than 30 minutes for fibrinolysis. † Includes dual antiplatelet and lipid-lowering therapies, angiotensin-converting enzyme inhibitor or angiotensin receptor antagonist, and beta blockers. u presentation was 10.5%. The death rate was highest among patients with STEMI (16.2%) and NSTEMI (16.3%), reflecting both the substantial residual risk associated with these conditions and their comparable natural histories. 20, 21 The lower mortality observed in the unstable angina population contrasts with older data, 22 but probably reflects the lower risk status of this population in the era of sensitive troponin assays. 23 As most studies have found, 4, 5, 10, 24 ACS patients were more likely to have an angiogram if they presented to a CC hospital than to a non-CC hospital (61.5% v 50.8%). When compared with previous Australian and New Zealand reports, we have found that there has been a substantial improvement in the capacity to transfer patients from non-CC to CC hospitals in both countries over the past 10 years. The Heart Protection Project, which collected data from 27
Australian hospitals from 2003 to 2005, 4 reported angiography rates of 66.4% and 20.1% for CC and non-CC hospitals respectively. Similarly, the first comprehensive New Zealand chest pain audit (2002) reported angiography rates of 30% in CC and 17% in non-CC hospitals. 15 Despite the systematic improvement in access to coronary angiography we have reported, the long-term mortality for patients presenting to CC hospitals, after adjusting for their characteristics, was about 20% lower than for those who initially presented to non-CC hospitals. This finding conflicts with reports in the international literature that health systems that deliver high overall rates of coronary procedures (such as ours) are not associated with significant differences in long-term mortality, 10, 11 in contrast to health care systems in which invasive coronary procedure rates in non-CC sites are low (under 40%). 7, 9 Recent studies have highlighted the fact that attributing better outcomes in CC hospitals to invasive investigation alone may be simplistic, and suggest that a range of further structural and procedural features of hospital performance contribute to outcomes. 5, 8 Our study recognised this, and is the first to specifically examine the predictive value of performance indicators that have since become nationally endorsed as supplementing the ACS Clinical Care Standard in Australia. 13 Interestingly, we found that one indicator described in the standard, the prescription of antiplatelet and lipid-lowering therapy, was not predictive of improved outcomes. This illustrates the obligatorily iterative nature of quality improvement initiatives, and underscores the value of clinical registries in informing these endeavours. 25 SNAPSHOT ACS suffers from the potential limitations of all crosssectional cohort studies in that, despite comprehensive risk adjustment, some of the benefits we attribute to evidence-based care may have been influenced by unmeasured confounding factors. In addition, data collection relied primarily on clinical staff in individual hospitals, in most cases after a single training session; monitoring of data quality was limited, and there was no independent adjudication of reported inhospital clinical events. Finally, we had no information on the contribution of posthospital management to long-term mortality.
Our analysis nevertheless permits informed recommendations for guiding the setting of priorities for strategies for achieving lower long-term mortality in patients with ACS. Rates of angiography at CC hospitals, transfer rates from non-CC hospitals and access to rehabilitation in all hospitals should be further improved, and this will be facilitated by binational initiatives in health redesign, quality improvement and increased diffusion of evidence. 2 One such initiative is ambulance diversion to percutaneous coronary intervention-capable hospitals after electrocardiography has been performed; this reduces reperfusion times and improves outcomes. 26 We did not collect information on ambulance diversion rates in SNAPSHOT ACS, so can only speculate about the effect of diversion on non-CC performance. However, while providing timely reperfusion for STEMI patients is important, the relatively small proportion of STEMI presentations (18% of the ACS cohort) means that the greatest impact on mortality is achieved by improving care for the broader ACS population. If providing appropriate coronary angiography and rehabilitation to patients presenting with a definite ACS can each be improved to 50%, 70%, or, optimistically, 90% of ideal levels, we can anticipate reductions in the annualised mortality attributable to ACS across Australia and New Zealand of about 11%, 16% and 20%.
8 Estimated number deaths per 10 000 acute coronary syndrome (ACS) presentations (with 95% CI) that could be averted in 12 months by service improvements that provide more complete application of guideline-based therapies and interventions 
